D espite a vast literature on the importance of describing disease risk in terms of the absolute increase or decrease in the number of cases among those who are treated compared to those not treated, [1] [2] [3] [4] it is common for research findings to be reported in terms of the multiplicative change in risk that is easily calculable with common statistical tools. [5] [6] [7] The different implications for informed decision-making of absolute versus multiplicative effects are often ignored. In this study, we aimed to examine patient and physician preferences for reporting research findings.
Assuming no bias or random error, all measures of association provide useful but different information about causal effects. Multiplicative measures such as risk ratios and rate ratios describe how many times greater or lower the risk among the exposed is relative to the unexposed. Additive measures such as risk differences and rate differences describe the absolute number of excess or fewer cases among the exposed relative to the unexposed. Number needed to treat or harm is the inverse of the risk difference that indicates how many patients need to be treated over a specific period to avoid one case or have one additional case. [8] [9] [10] [11] People tend to focus on the numerators of a proportion or rate, 12 suggesting that the frequency of events rather than proportions or rates may be most useful. 13 When outcomes are infrequent, changes in risk are perceived as larger when presented as multiplicative measures than when presented as additive measures, and patients and physicians may inappropriately perceive the magnitude of benefit or harm of a given treatment if presented in terms of a relative risk. [13] [14] [15] [16] For example, if a treatment increased the risk of an adverse event from 0.1% to 0.2%, the multiplicative measure indicates that the risk in the treated is doubled compared to the untreated. However, the additive
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METHODS:
We conducted a cross-sectional study of 76 patients and 26 physicians at an academic medical center in Boston, Massachusetts. Trained study staff conducted interviews about interpretations of study findings.
RESULTS:
Physicians were equally likely to prefer the number needed to harm or the risk ratio as the most useful measure for making informed health decisions, and patients strongly preferred risk ratios. Participants perceived changes in risk as larger when they were presented using multiplicative measures such as risk ratios than when presented as additive measures such as the risk differences or number needed to treat or harm.
CONCLUSIONS: Despite the importance of considering absolute risks and benefits of treatment options, patients and physicians who rely on study findings for making informed decisions often prefer relative measures. ORIGINAL ARTICLES measure indicates that treatment is associated with a 0.1% increase in the risk of the adverse event, or that 1,000 people would need to receive the treatment to expect to see one excess adverse event. On the other hand, if treatment doubled the risk of the adverse event from 10% to 20%, then only 10 people would need to be treated to lead to one excess adverse event.
Effect measure modification, also known as interaction and heterogeneity of treatment effects, is another source of confusion for patients and physicians. In the presence of heterogeneity of treatment effects, the effect of an exposure on an outcome is different across levels of some third factor. For instance, the effectiveness of a drug on improving a health outcome may depend on a patient's genotype. If an additive measure of association is modified by the third factor, there is additive heterogeneity, and if a multiplicative measure is modified by a third factor, there is multiplicative heterogeneity. Heterogeneity of treatment effects may occur on the additive scale (differences in the absolute risk among people using blood pressure medications), the multiplicative scale (differences in the multiplicative risk among people using blood pressure medications), both scales, or neither scale. 5, 17 Therefore, we aimed to examine patient and physician preferences for communicating research findings in terms of risk ratios, risk differences, number needed to treat or harm, and additive and multiplicative heterogeneity of treatment effects.
Methods
Beth Israel Deaconess Medical Center (BIDMC) is a tertiary care teaching hospital with 673 beds and had 40,656 inpatient discharges in 2017. Embedded within BIDMC is a large, academic primary care practice, Health Care Associates (HCA), with four practice sites across the Bostonbased medical center. In 2017, HCA provided care for over 41,500 patients with 271,063 outpatient visits. We identified a convenience sample of patients who receive their primary care at HCA and physicians who provide care for patients hospitalized at the BIDMC.
A convenience sample of HCA primary care providers provided written permission to contact potentially eligible patients in their practices. To be eligible, patients had to communicate in English and have had at least one outpatient visit to HCA in the prior 24 months. Patients were contacted by a letter sent to their home with a description of the study and the opportunity to opt out. Reasons for opting out were collected. We also recruited a convenience sample of BIDMC-affiliated physicians who provide medical care for inpatients. We targeted physicians across a range of medical and surgical specialties as well as hospitalists. Physicians were contacted by email with a description of the study and option to opt out. A priori, we decided to contact patients by phone and physicians by email up to 10 times to see if they were interested in participating in our study. All participants were invited to complete the interview over the phone or in-person in a private office. Recruitment and data collection were conducted simultaneously; invitation letters were mailed in batches, follow-up calls were made in waves, and enrollment and interviews were scheduled as soon as participants agreed and were available.
All participants who enrolled in the study provided verbal consent. A single investigator conducted the semistructured interview (Appendix: https://journals.stfm.org/media/2355/ mostofsky_appendix-fmjune19.pdf) for all participants. The Institutional Review Boards at the BIDMC and Harvard T.H. Chan School of Public Health both approved the study protocol. Study data were collected and managed using REDCap electronic data capture tools hosted at Harvard T.H. Chan School of Public Health. 18 To identify optimal ways of communicating the results of studies based on routinely collected inpatient health information, participants were asked about the results of hypothetical studies (Appendix: https://journals.stfm.org/ media/2355/mostofsky_appendix-fmjune19.pdf). The first vignette described a hypothetical study reporting the heightened risk of falling after using sedative hypnotics, and the second vignette described a hypothetical study reporting the lower risk of pneumonia after using oral antiseptics to clean ventilators. After each vignette, participants reviewed several potential descriptions of the results: a description using a risk ratio (short-term incidence rate ratio); a description based on a short-term risk difference; and a description using the number needed to harm or treat. First, participants rated each description in terms of how useful it is for making informed health decisions using a 5-point scale from "not at all" to "extremely." We dichotomized the responses into two categories defined as "not at all," "slightly," or "moderately," vs "very," and "extremely." Second, participants were asked which, if any, of the three descriptions (risk ratio, risk difference, number needed to harm/treat) would be most useful for making informed health decisions. Third, participants were asked which, if any, of the three descriptions (risk ratio, risk difference, number needed to harm/treat) indicates a stronger association between the exposure and outcome.
The third vignette described a hypothetical study reporting that the risk of falls associated with taking a sleeping aid depends on the concomitant use of blood pressure medications, an example of heterogeneity of treatment effects. One interpretation reported multiplicative heterogeneity (variation in the risk ratio associated with sleep aid use among people using or not using blood pressure medications), one reported no multiplicative heterogeneity, one reported additive heterogeneity (variation in the absolute risk difference associated with sleep aid use among people using or not using blood pressure medications), and one reported no additive heterogeneity. Using a 5-point scale from "not at all" to "to a great extent," patients were asked to rate how likely it is that the finding would impact their decision about accepting or seeking treatment, and physicians were asked how likely it is that the information would impact their treatment plan for such a patient. We dichotomized the responses into two categories defined as "not at all," "not very likely," or "neutral" vs "somewhat" and "to a great extent."
Statistical Analysis
We calculated the frequency of each answer choice for each of the statements to examine which interpretations were considered most informative for patients and physicians. For questions about which of the results may be most useful for making informed health decisions, we examined whether the responses are similar or not for the two vignettes. For the question regarding which, if any, of the statements indicates a stronger association than any of the other statements, we calculated the frequency of the choices. We used Fisher exact tests to test whether the preferences for the most useful statement and the statement with the strongest association were different between patients and physicians.
Results
The enrollment of study participants is depicted in Figure 1 . Among 315 individuals contacted to participate, only 16% (49 patients and 3 physicians) declined to participate. We were unable to contact eight potential participants and there was one incomplete interview. Recruitment and enrollment happened simultaneously. Therefore, once the recruitment goals were met (n=76 patients and 26 physicians), we closed recruitment before we could follow up and enroll the remaining 152 people. Of those who were invited, 102 completed the study (84 phone interviews, 18 interviews in person). Approximately two-thirds of the participants in the study were women, the majority were white and had a high level of education (Table 1 ). The median Table 2 shows that in response to the vignette about a harmful effect of sedative hypnotics on the immediate risk of falling, physicians and patients did not differ in their rating of the usefulness of the number needed to harm measure (P=.81), whereas patients were more likely than physicians to report that the risk ratio was very or extremely useful (65.8% vs 34.6%, P=.01). Physicians preferred the interpretation of either the number needed to harm or the risk ratio as the most useful measures for making informed health decisions, with 42.4% of physicians selecting these measures as most useful. On the other hand, 59.2% of the patients strongly preferred the risk ratio as the most useful interpretation. In response to the question about which statement indicates the strongest association, patients were most likely to report that the risk ratio provided evidence of the strongest effect of the sedative hypnotics. Though this was also the choice for 46% of the physicians, 39% of them correctly noted that none of the reported interpretations was stronger than any of the others; they simply report different aspects of the association of interest.
In response to the vignette about a beneficial effect of antiseptics to clean ventilators and a lower risk of developing pneumonia, the results were similar to those for the vignette of harmful effects described above. The physicians and patients did not differ in their rating of the usefulness of the number needed to treat measure (P=.14), whereas patients were more likely than physicians to report that the risk difference reported that the risk ratio provided evidence of the strongest protective effects. However, though this was also the choice for 31% of the physicians, 46% of them correctly noted that none of the reported No response 0 (0%) 1 (1.3%) * The vignette provided potential interpretations for findings from a hypothetical study showing that using sedative hypnotics (drugs that help you sleep) is associated with a heightened risk of falls. See Appendix (https://journals.stfm.org/media/2355/mostofsky_appendix-fmjune19.pdf) for details. † The vignette provided potential interpretations for findings from a hypothetical study showing that using antiseptics to clean ventilators is associated with a lower risk of developing pneumonia. See Appendix for details. ‡ The vignette provided potential interpretations for findings from a hypothetical study showing that the risk of falls associated with taking a sleeping aid may depend on whether or not it is used with medications for having high blood pressure. See Appendix for details.
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interpretations was stronger than any of the others (Table 2 ).
In the vignette about potential heterogeneity of treatment effects, we described findings reporting that the risk of falls associated with taking a sleeping aid may depend on concomitant use of antihypertensive medications. Participants were asked to report how likely their decision about taking or prescribing a sleeping aid would depend on whether or not the individual is also taking high blood pressure medication. In the first interpretation, there was no evidence of multiplicative heterogeneity of treatment effects; in the second interpretation, there was multiplicative heterogeneity of treatment effects; in the third interpretation, there was no evidence of additive heterogeneity of treatment effects; in the fourth interpretation, there was additive heterogeneity of treatment effects. Physicians were equally likely to report that their decision would be impacted by multiplicative or additive heterogeneity of treatment effects (84.6% for both), whereas patients were more likely to report that their decision would be influenced by multiplicative heterogeneity of treatment effects (89.5%; Table 2 ).
Discussion
With the rapid increase in the availability of information collected in electronic health records, there is an enormous opportunity to conduct studies addressing the potential risks and benefits of health characteristics, medications, and procedures. However, the information is only useful if the results can be communicated in a way that helps patients and physicians make informed decisions.
In this study, we aimed understand the best way to communicate research findings. Despite the importance of considering absolute risks and benefits of treatment options, the physicians were equally likely to prefer the interpretation of either the number needed to treat or harm, or the risk ratio as the most useful measure for making informed health decisions, and the patients strongly preferred the risk ratio as the most useful interpretation. Concordant with previous studies, 2, 13, 19 participants perceived changes in risk as larger when they were presented using multiplicative measures such as the risk ratio than when presented as additive measures such as the risk difference or the number needed to treat or harm.
There are some limitations to our study that warrant discussion. This moderately sized study is based on a convenience sample comprised of interested patients and physicians at BIDMC. Therefore, the numeracy of our participants may not reflect those of other more diverse populations. In our questions about the different measures, we did not elicit responses about how the participants processed and understood the different interpretations of the results. It is possible that preferences were also affected by the specific exposures and outcomes in our vignette examples. The health care experience for patients is also likely to vary by the sampling frame for the study. Involving patients in shared medical decision-making may need to be tailored to their educational background, health literacy, 4 and age, 20 and the choice may depend on issues surrounding inpatient vs outpatient care. Our sample of stakeholders includes people at risk of being hospitalized at BIDMC, but not necessarily people who have been hospitalized. Our participant stakeholders may have different preferences than those who are currently facing choices required of inpatient care. They may differ from patients who receive care in suburban practices, concierge practices, or community health centers. We did not examine preferences regarding presenting the risk in each group separately for exposed and unexposed rather than their additive or multiplicative associations. We also did not examine the trade-offs between risks and benefits of treatment options or the time frame of potential risk that should be used for making informed decisions. However, based on these detailed interviews with 102 participants, we were able to gain insight on their preferences for communicating study findings.
The results of our study highlight one of the complexities of the decision-making process. Although additive measures provide useful information about health risks and benefits, their utility is limited by the confusion over the difference between additive and multiplicative measures and how this impacts conclusions about heterogeneity of treatment effects. Understanding the cognitive process of interpreting health findings may help guide methods for effective health communication. 12, [21] [22] [23] Given the importance of involving patients and other stakeholders in making informed health decisions, clear and relevant descriptions of study findings are critical. 
